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Summary

The Michigan Department of Community Health (MDCH) issues fish consumption advisories
for sport-caught fish and issued Michigan’s first fish advisory due to a perfluorinated chemical
(PFC), perfluorooctane sulfonate (PFOS) in 2012. This fish advisory was based on provisional
PFOS fish consumption screening values (FCSVs). MDCH reviewed the available published
literature regarding PFCs, to make recommendations regarding PFCs of concern and reference
doses.

While several PFCs will accumulate in fish tissue, PFOS is currently identified as the most
bioaccumulative. PFOS is not metabolized in fish or humans, and other PFCs, such as
perfluorooctane sulfonamide (PFOSA), may be converted to PFOS in the body. In the case of
other PFCs, such as perfluorooctanoic acid (PFOA), people may accumulate higher levels of
these chemicals due to contaminated drinking water rather than consumption of contaminated
fish. In certain cases, both exposure pathways may need to be assessed.

MDCH’s conclusions regarding PFCs in fish:

1. MDCH concludes that unlimited consumption of sport-caught fish with elevated PFOS
levels could harm people’s health. Based on published information and other states’
investigations, perfluorooctane sulfonate (PFOS) accumulates in fish to much higher
levels than the other PFCs. Other studies indicated that consumption of fish with elevated
PFOS levels is people’s primary route of exposure. Exposure to PFOS has been linked to
alterations in thyroid hormones, cholesterol levels, neurodevelopment, and immune
function.

2. MDCH concludes that additional site-specific evaluation of PFOA levels in fish may be
needed when people are also exposed to PFOA by other routes. PFOA does not
bioaccumulate to a great extent in fish. However, at sites where people may have
exposure to PFOA through contaminated groundwater or other routes of exposure,
consumption of PFOA-containing fish may need to be included as part of a total exposure
dose evaluation.

3. MDCH concludes that, under certain circumstances, PFOSA levels in fish may need
additional evaluation. PFOSA has the potential to be metabolized into PFOS. At certain
sites, PFOSA levels in fish might need additional evaluation.

4. MDCH concludes that existing data is inadequate to evaluate other PFCs or the
cumulative effects of exposure to multiple PFCs. As additional information becomes
available, MDCH will evaluate other relevant PFCs.

Next steps: The Michigan Fish Contaminant Monitoring program will monitor PFCs in fish
in various locations throughout Michigan.

MDCH will update the provisional PFOS FCSVs and issue consumption advisories when
applicable.



MDCH will address the presence of other PFCs in fish as needed and as toxicity information
on other PFCs becomes available.

protective of public health.

Purpose and Health Issues

MDCH issued the first fish advisory for PFOS in 2012 based on provisional fish consumption
screening levels (FCSVs). The purpose of this document is to review the available published

literature on PFCs and previously derived reference doses to recommend reference doses for use
in the Michigan Fish Consumption Advisory Program to ensure that the consumption advice is

Background

Perfluorinated chemicals (PFCs) are human-made chemicals with fluorines attached to the
carbon chain (Lindstrom, et al. 2011). PFCs are hydrophobic (water-repelling) and oleophobic
(oil-repelling) and have many industrial and commercial uses (ATSDR 2009). PFCs have been
used in surfactants, fire-fighting foams, stain-resistant coatings, paints, adhesives, and in
electroplating applications (MDEQ 2011).

PFCs have also been used as pesticides. One, sulfluramid, is an insecticide used in bait stations.
Sulfluramid is rapidly metabolized to PFOSA, then to the terminal metabolite PFOS, in rats

(EPA 2001)

PFOA, along with PFOS, are final degradation products of numerous precursor chemicals (Lau,
et al. 2007). Natural mechanisms of PFOS degradation have yet to be identified (Lindstrom, et
al. 2011). Table 1 presents names and formulas of select PFCs.

Table 1: List of select perfluorinated chemicals.

Carbons | Abbreviation Formula Name CAS Number
C4 PFBA C4HF0; perfluorobutanoic acid 375-22-4
C4 PFBS C4HF,05S perfluorobutane sulfonate 375-73-5
C5 PFPeA CsHF,0, perfluoropentanoic acid 2706-90-3
C6 PFHXA CsHF 110, perfluorohexanoic acid 307-24-4
C6 PFHXS CsHF1303S perfluorohexane sulfonate 355-46-4
C7 PFHpA C7/HF 130, perfluoroheptanoic acid 375-85-9
C8 PFOA CgHF 150, perfluorooctanoic acid 335-67-1
C8 PFOS CgHF1703S perfluorooctane sulfonate 1763-23-1
C8 PFOSA CgH2F17NO,S | perfluorooctane sulfonamide 754-91-6
C9 PFNA CyHF170; perfluorononanoic acid 375-95-1

C10 PFDA C10HF190; perfluorodecanoic acid 335-76-2
Ci11 PFUnA CuHF2.0; perfluoroundecanoic acid 2058-94-8




Ci12 PFDoA C12HF230; perfluorododecanoic acid 307-55-1

PFOS fish consumption advisories

Although several PFCs may be found in fish, the Minnesota Department of Health has only
found PFOS at levels of concern in fish (MDH 2014). Minnesota has PFOS-driven fish
consumption advisories on several lakes and rivers, including the Mississippi River. Wisconsin
has PFOS-driven fish advisories listed for some Mississippi River locations. Table 2 presents
Minnesota Department of Health’s PFOS fish screening levels. There is only one area in
Michigan, in losco County, with fish consumption advisories for PFOS (as of May 2014).

Table 2: Minnesota Department of Health’s PFOS screening levels (in parts per billion [ppb]) for
fish (MDH 2008).

Levels of PFOS in fish (ppb) Meal Category
<40 Unrestricted
> 40 - 200 1 meal/ week

> 200 - 800 1 meal / month

> 800 DO NOT EAT

Ontario, Canada, has five inland waterbodies with PFOS-driven fish consumption advisories.
Ontario’s PFOS consumption restrictions start at fish tissue levels of 80 parts per billion (ppb).
At levels over 160 ppb, for sensitive populations, and 640 ppb, for the general population, do not
eat advisories are issued. Ontario has also analyzed Lake Ontario, St. Lawrence River, Lake
Huron, St. Marys River, and Lake Superior fish for PFCs (MOE 2013).

Discussion

Various studies measuring PFCs may have used different protocols for analysis. In a worldwide
interlaboratory comparison study, the laboratories were most consistent for measuring PFOS and
PFOA in human serum and blood (65% concordance among laboratories). Human serum and
blood levels of the other eleven PFCs had less agreement than levels measured for PFOS and
PFOA. Also, PFC levels were underestimated in fish tissue samples analyzed by most
laboratories (Lau, et al. 2007). This may mean that various measurements may not be directly
comparable between studies. However, general trends would still be relevant even if exact
numbers may not be directly comparable. For example, PFOS, PFOA, and PFHXS are the most
often detected PFCs and tend to be at the highest concentrations in human samples (Lau, et al.
2007), with PFOS being the predominant PFC identified in other biological samples worldwide
(Houde, et al. 2011).

Environmental Contamination

PFC levels in Great Lakes fish and food chains

Levels of PFCs have been studied in Great Lakes fish. Fifteen PFCs were measured, including
PFOS, PFOA, PFOSA, and PFHxS. PFOS was identified as the major PFC in 4-year-old lake
trout, collected in 2001, from Lakes Superior, Huron, Erie, Ontario, and Michigan. Levels of



PFOS (mean + standard error) were highest in whole body samples of lake trout from Lake Erie
(102 + 3 ppb), followed by Lakes Ontario (25 £ 8 ppb), Huron (14 + 1 ppb), Michigan (13 + 2
ppb), and Superior (5.1 £ 0.5 ppb) (Furdui, et al. 2007).

In a later study, using fish collected between 2006 and 2008, 11 PFCs, including PFOA, PFQOS,
PFDA, and PFHXS, were measured in whole bodies of lake trout from Lakes Superior, Huron,
Erie, and Ontario and walleye from Lake Erie. PFOS levels (mean * standard error) were the
highest of the 11 measured PFCs. Lake Erie lake trout (96 £ 0.3 ppb) and walleye (54 £ 0.29
ppb) had the highest levels of PFOS, followed by lake trout from Lakes Ontario (52 £ 0.16 ppb),
Huron (17 = 3.9 ppb), and Superior (2.3 + 0.46 ppb) (De Silva, et al. 2011).

Kannan et al. (2005) identified PFOS as the most commonly detected PFC in samples of various
biota in Great Lakes food chains. This pattern was identified even though PFOA water
concentrations were slightly higher than PFOS water concentrations. Fish at different trophic
levels (round goby and smallmouth bass) had similar levels of PFOS; however, this was a
comparison of PFC levels from round goby whole body samples versus muscle tissue from
smallmouth bass. PFOS was identified in benthic invertebrates, round goby, Chinook salmon,
mink, and bald eagles. Bioconcentration between benthic invertebrates or round goby and water
was estimated to be greater than biomagnification between the trophic levels. PFOA
biomagnification appeared to be less than PFOS biomagnification (Kannan, et al. 2005).

PFC levels in fish from inland lakes and rivers

Ten PFCs (PFBS, PFHXS, PFOS, PFHXA, PFHpA, PFOA, PENA, PFDA, PFUNA, and PFDoA)
were analyzed in bluegill filets collected from Minnesota and North Carolina. The authors
selected bluegill as they have been shown to accumulate levels of PFCs similar to higher trophic
level fish and they are a common recreationally caught fish. The Minnesota bluegill (n=30) were
collected in 2006 from the St. Croix River (background location), Lake Calhoun (no known PFC
contamination), and four locations in the Mississippi River with historical PFC contamination.
Of the 10 PFCs, only PFOS, PFDA, PFUNA, and PFDoA were detected in the Minnesota
bluegill. PFOS levels ranged from 1.22 to 7.17 ppb in St. Croix River bluegill, 205 to 339 ppb in
Lake Calhoun bluegill, and 23.7 to 428 ppb in the Mississippi River bluegill. PFOS was the most
prevalent PFC in all bluegill filets and was about 82% of the total PFC concentration in the
Minnesota filets. The North Carolina bluegill were collected in 2007 from the Haw River (n=31)
and the Deep River (n=30), neither with known PFC contamination. PFOS, PFDA, PFUNA, and
PFDoA were the only PFCs detected in the North Carolina bluegill. PFOS levels in the North
Carolina bluegill ranged from 15.9 to 136 ppb. PFOS levels were only about 43% of the total
PFCs in Haw River bluegill filets and 80% of the total PFCs in Deep River bluegill filets. North
Carolina bluegill filets had higher levels of PFDA, PFUNnA, and PFDoA compared to Minnesota
bluegill filets (Delinsky, et al. 2009).

Delinsky et al. (2010) again investigated PFC levels in Minnesota fish. Fish collected in this
study were bluegill, black crappie, and pumpkinseed. Fish were collected from the Mississippi
River and 59 lakes throughout Minnesota in 2007. Several locations included in this study have
known PFC contamination from local sources. Filets were composited and analyzed for ten PFCs
(PFBS, PFHXS, PFOS, PFHXA, PFHpA, PFOA, PFNA, PFDA, PFUNA, and PFDoA). Each
composite sample consisted of one to 17 filets from the same fish species. PFOS was detected in



73% of the composites from the Mississippi River and 22% of the composites from the lakes. A
majority (88%) of the composite samples from the Minnesota lakes had less than 3 ppb PFOS.
PFOS levels, ranging from <1 to 2,000 ppb, were the highest of the ten PFCs measured in the
samples. Levels of PFDA, PFUnA, and PFDoA were above the level of quantification in less
than 10% of the samples. PFHxS was only detected above the level of quantification in one
sample. PFBS, PFHxA, PFHpA, PFOA, and PFNA were below the level of quantification in all
samples (Delinsky, et al. 2010).

Mississippi River fish (bluegill, carp, freshwater drum, smallmouth bass, and white bass) were
collected in 2009 and filets were analyzed for 13 PFCs (PFOA, PFOS, PFBS, PFOSA, PFPeA,
PFDA, PFUNA, PFDoA, PFHXA, PFHpA, PENA, PFHXS, and PFBA). The same 13 PFCs were
measured in water samples from fish collection locations. Locations selected had known
historical PFC contamination. PFBA was detected in all of the water samples and PFOA,
PFHXA, and PFOS were detected in more than 40% of the water samples. PFPeA, PFBS,
PFHxS, and PFHpA were detected in less than 20% of the water samples. In contrast, PFOS was
detected in almost all of the fish samples while PFDA, PFOSA, and PFUnA were detected in
around 15 to 30% of the fish samples. PFDoA, PFOA, PFBA, PFHXS, PFHXA, PFHpA, and
PFNA were detected in less than 10% of the fish samples. Table 3 presents the levels of PFOS in
these fish. No relationship was identified between PFOS concentrations in the fish samples and
fish length, age, gender, or percent lipids. The most migratory fish sampled, white bass, had the
least variation among the collection locations (MPCA 2010).

Table 3: Levels of PFOS (in parts per billion [ppb]) in Mississippi River fish collected by
Minnesota agencies in 2009 (MPCA 2010).

. . . Mean + standard
Species Number of fish Range in ppb deviation in ppb
Bluegill 57 8-1,350 110 + 219
Carp 60 5-1,340 77 £ 203
Freshwater Drum 60 5-3,580 229 £ 602
Smallmouth Bass 60 13-612 94 + 141
White Bass 60 38-764 97 £ 95

Fish were collected from locations, ten per river, in the Ohio, Missouri, and Upper Mississippi
Rivers. Whole fish were composited by species. Small fish composite samples included 20 to
200 individuals. Small fish species were emerald shiner, red shiner, river shiner, spotfin shiner,
gizzard shad, and threadfin shad. Large fish composite samples included three to five fish. Large
fish species were channel catfish, flathead catfish, freshwater drum, largemouth bass,
smallmouth bass, sauger, white bass, common carp, river carpsucker, golden redhorse, and
shorthead redhorse. Each composite sample, one small and one large fish species per location,
was analyzed for 10 PFCs (PFBS, PFHXS, PFOS, PFHXA, PFHpA, PFOA, PFENA, PFDA,
PFUNA, and PFDoA). Of the 60 samples analyzed, PFBS, PFUnA, PFOA, and PFHpA were
detected in less than half of the samples. PFOS was detected in 82% of the samples and
represented approximately 86% of the amount of total PFCs in fish from all three rivers. Table 4
presents the levels of PFCs in the composite samples from the three rivers. Different PFC
profiles were observed for each composite sample (Ye, et al. 2008).
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Table 4: Number of detections of PFCs and range (in parts per billion [ppb]) in whole fish
composite samples from the Missouri, Ohio, and Upper Mississippi Rivers (twenty samples per
river) (Ye, et al. 2008).

Upper Mississippi

Missouri River Ohio River . Percent of
PFC - - River - detections
Number | Rangein | Number | Rangein | Number | Rangein (60 samples)
detected ppb detected ppb detected ppb
PFOS 13 <10.0-532 16 <10.0-1250 20 10.0-250 82%
PFDA 4 <0.20-2.0 17 <1.00-9.01 18 <0.40-5.16 65%
PFHXA 15 <4.00-12.6 8 <10.0-18.4 14 <2.00-11.1 62%
PFHXS 13 <0.20-8.14 12 <0.20-1.96 10 <0.20-3.33 58%
PFNA 10 <0.20-1.48 14 <0.20-5.89 11 <0.20-5.38 58%
PFDoOA 10 <0.20-2.88 15 <1.00-4.13 5 <0.40-1.25 50%
PFUNA 2 <1.00-8.60 17 <0.40-45.3 5 <0.40-48.0 40%
PFHpA 18 <1.00-4.03 0 <4.00 3 <0.20-1.83 35%
PFOA 0 <1.00 1 <1.00-2.10 5 <0.20-0.60 10%
PFBS 2 <0.40-0.64 0 <0.40 1 <0.20-0.29 5%

PFOS and PFOA were measured in chub, river goby, and water from the Roter Main River, in
Bayreuth, Germany in 2007. Sources of PFCs to this river were from the effluent released from a
municipal waste water treatment plant. River water had higher levels of PFOS than PFOA. River
goby muscle tissue had a mean PFOS level of 80 ppb, with a range of 65 to 106 ppb. The mean
level of PFOS in river goby organs was more than double the mean muscle level. Chub muscle
had a mean PFOS level of 13 ppb, with a range of 7.5 to 15.6 ppb. Mean PFOS levels in chub
organs (liver, kidneys, gonads, and heart) were more than 4 times higher than in chub muscle.
PFOS levels in the river goby muscle were about 6-fold higher than the chub muscle. PFOA
levels in chub muscle were lower than the quantification limit of 1.5 ppb, while the mean PFOA
level in river goby muscle was 5.9 ppb, with a range of 2.0 to 9.8 ppb. PFOA levels in chub
organs tended to be higher than in chub muscles, while river goby organ PFOA levels were
lower than muscle levels. River goby feed on benthic invertebrates living in the sediment, and
the authors suggest that bioaccumulation from the sediment to the benthic invertebrates could
explain this difference in PFC levels between the fish (Becker, et al. 2010).

Environmental Fate

PFCs, including PFOA and PFQOS, have been identified in a variety of oceans and U.S. waters,
including the Great Lakes and in waters throughout Michigan. PFCs persist in the environment,
are resistant to degradation in soil and sediment, and are resistant to hydrolysis in water.
Although it is anticipated that PFCs will be in the air only at low concentrations, these chemicals
are also resistant to atmospheric photooxidation as well (ATSDR 2009).

PFCs also seem to move between environmental media. PFCs in contaminated soil amendments,
spread over about 1,000 agricultural sites in Germany, were later identified in surface water used
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as drinking water. A drinking water advisory was issued until PFOA levels were lower than a
guidance value of 0.3 ppb (Wilhelm, et al. 2008).

Agqueous film-forming foam (AFFF) firefighting agents were often used during fire-training
activities at the Wurtsmith Air Force Base, in Oscoda, Michigan. The base was decommissioned
in 1993. Groundwater samples taken from ten locations between the fire-training area and a
nearby marsh were analyzed for PFCs (PFOS, PFHXS, PFOA, and PFHxA) in November 1998
or June 1999. Levels of PFOS, PFHXS, PFOA, and PFHxA ranged from 4.0 to 110 ppb, 9.0 to
120 ppb, <3.0 to 105 ppb, and <3.0 to 20 ppb, respectively. These PFCs persisted in the
groundwater at least five years after release (Moody, et al. 2003).

Release of AFFF has also resulted in contamination of biota along with environmental media. In
June of 2000, 22,000 liters of AFFF were released into Spring Creek, Spring Creek Pond (a
constructed pond), and eventually Etobicoke Creek in Toronto, Ontario, Canada. PFOS was the
main PFC in the AFFF and found to be the predominant PFC in water, sediment, fish (whole
without the liver), and fish liver. Samples of all four media were collected in 2003, 2006, and
2009. The highest levels of PFOS in water were from the 2003 samples collected closest to the
release site, however, sediment PFOS levels were similarly elevated in samples closest to the
release site collected in all three years. PFOS levels in fish livers were higher than levels in the
rest of the fish. PFOS levels declined by about 80% over the duration of the study, based on a
comparison of fish and fish liver samples collected in 2003 and 2009. Short-chain PFCs, PFHXS,
PFHpA, and PFOA, which were detected in the water samples, were not found in the fish.
Higher PFOS levels were identified in samples taken close to the spill location about a decade
after the AFFF release. Water and fish levels, collected in 2009 from areas impacted by the
AFFF spill, were around 2 to 10 times higher than upstream locations. The authors attributed this
to long-term impacts of the spill along with urbanization (Awad, et al. 2011).

During an investigation in 2010, PFCs were measured in snapping turtle plasma collected in
2007-2008 from what was then considered a reference site, Lake Niapenco, in Hamilton,
Ontario, Canada. As PFC levels were higher in those turtles than at the industrial locations, a
study was carried out to determine if a nearby airport contributed to PFC levels in snapping
turtles, amphipods (small crustaceans), fish, and shrimp along with water from Lake Niapenco
and the Welland River. The airport has a fire-fighting training area that drains into the Welland
River, which drains into the lake (de Solla, et al. 2012). The fire-fighting training area was used
between 1985 and 1994, with a reported 15,000 liters of AFFF (PFOS-based) sprayed per year
(Gewurtz, et al. 2014). Levels of PFOS found in snapping turtle plasma samples from the
Welland River (n=1) and Lake Niapenco (n=18) were more than 40 times higher than those from
other sites. PFOS levels represented about 99% of the total PFCs in snapping turtle plasma
downstream of the airport, but only between 72 to 94% of the total PFC levels from the other
sites. Although the authors could not confirm the PFCs were from airport runoff, a PFC
identified in aircraft hydraulic fluid was also found at low levels in nearby biota (de Solla, et al.
2012).

PFC levels were measured in sport fish, collected between 2009 and 2012, from Lake Niapenco
and the Welland River. The species collected were black crappie, bluegill, brown bullhead,
channel catfish, common carp, freshwater drum, largemouth bass, northern pike, pumpkinseed,
rock bass, smallmouth bass, walleye, white crappie, white sucker, and yellow perch. Elevated

12



PFC levels were identified in the fish, even though AFFF releases ended more than 15 years
previously. Fish downstream of the airport, as far as 40 kilometers away, had elevated levels of
PFCs, possibly transported in the water combined with persistence in the sediment. Levels in fish
did not appear to vary temporally and PFOS was the only PFC with a spatial trend (Gewurtz, et
al. 2014).

Trophic Transfer of PFCs

Juvenile rainbow trout were given food spiked with PFPA, PFHxA, PFHpA, PFOA, PFDA,
PFUNA, PFDoA, PFTA, PFBS, PFHxS, and PFOS for 34 days. Levels of PFCs in the food
ranged from 0.32 to 1.2 parts per million (ppm). Fish were sampled on days 4, 7, 14, 21, 28, and
34. After the 34 days, the remaining fish were fed untreated food for 41 days (days 35 to 75).
Fish given the untreated food were sampled on days 41, 48, 55, 62, 68, and 75. PFCs were
measured in the liver, blood, and carcass (with the gut removed). Carboxylates with less than six
perfluoralkyl carbons (PFPA, PFHXA, and PFHpA) were not detected in the fish tissue and
PFBS was only detected in fish sampled on day 21, 28, 34, and 41. The bioaccumulation of these
PFCs was expected to be very low. Bioaccumulation factors for PFCs in the carcass were
calculated and were approximately one or lower for PFOA, PFDA, PFUNA, PFDoA, PFTA,
PFOS, and PFHXS. The bioaccumulation factor for PFOS was about ten times higher than the
bioaccumulation factor for PFOA in the carcass. The half-life of PFOS was approximately five
times higher than the half-life for PFOA in both the carcass and liver. The authors concluded that
dietary PFC exposure would not result in biomagnification in juvenile rainbow trout (Martin, et
al. 2003a).

Juvenile rainbow trout were placed in water containing PFPA, PFHXA, PFHpA, PFOA, PFDA,
PFUNA, PFDoA, PFTA, PFBS, PFHxS, and PFOS for 288 hours (12 days). Average levels of
the PFCs ranged from 0.014 to 1.7 micrograms per liter in the water. The longer chain PFCs had
lower water solubility. Fish were sampled at 4.5, 9 18, 36, 72, 144, and 288 hours. After the 288
hours of exposure, the trout were transferred to water without PFCs. Fish were sampled 4.5, 8,
18, 36, 72, 144, 288, 456, and 792 hours (33 days) after being transferred to the PFC-free water.
Perfluorinated carboxylates with more than six carbons (PFOA, PFDA, PFUNnA, PFDoA, and
PFTA) and perfluorinated sulfonates with more than five carbons (PFHXS and PFOS) were
detected in the blood, liver, and carcass at all timepoints. PFCs were found in the kidney, liver,
gall bladder, blood plasma, blood cells, gonads, adipose and muscle tissue, as well as the gills.
Levels of PFCs tended to be highest in the blood, kidney, liver, and gall bladder. Levels were the
lowest in the muscle tissue, followed by adipose tissue and gonads. The authors estimated that
22% of the total PFOS, 61% of the total PFHXS, and 81% of the total PFOA body burden could
be in the muscle, if muscle represented about 67% of rainbow trout weight. The shortest half-life
was for PFOA in the carcass, blood, and liver. Half-lives for PFDA, PFUNA, PFDoA, PFTA,
PFOS, and PFHxS were about three times longer. All PFCs had half-lives that were similar in the
carcass, blood, and liver. The bioconcentration factor (BCF) for PFOA was more than 100 times
smaller than the BCF for PFOS. Higher BCFs tended to be in the blood for the carboxylates,
while for PFOS and PFHXS, the blood and liver BCFs were similar. The authors determined that
sulfonates bioconcentrated to a greater extent than carboxylates with the same number of carbons
due to higher uptake rates and lower elimination rates (Martin, et al. 2003b).
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PFOS, PFOA, PFHxS, and PFOSA were measured in surface water and livers of fish and
waterfowl in New York.* Surface water samples were collected from nine freshwater lakes and
rivers, while livers were taken from 38 smallmouth bass, 28 largemouth bass, and 10 waterfowl
(varied species). Water, fish, and waterfowl samples were collected in different years within a
decade. In seven of the nine waterbodies, PFOS levels were lower than PFOA levels. In all of the
waterbodies, PFHXS levels were lower than PFOS levels. PFOSA was not detected in any water
sample. PFOS was detected in all 66 of the fish liver samples and the levels were higher (9 to
315 ppb wet weight) than the levels of PFOA (<1.5 to 7.7 ppb wet weight). Ninety percent of the
fish liver samples had detectable PFOA. PFOSA was detected in fewer fish liver samples (only
62%) at levels similar to PFOA (<1.5 to 11.4 ppb wet weight). PFHxS was not detected in any of
the fish samples, with a detection limit of 1.5 ppb. All waterfowl liver samples had detectable
PFQOS, but none had detectable PFOA, PFOSA, or PFHxS. Based on the water and fish liver
samples, the authors calculated a BCF of 8,850 for PFOS and 184 for PFOA. No BCF was
calculated for PFOSA (Sinclair, et al. 2006).

Based on the above and other similar studies, there are a few general points regarding the
bioaccumulation of PFCs. Most importantly, bioaccumulation and biomagnification is dependent
on the number of perfluorinated carbons in a specific PFC. Sulfonates appear to be more
bioaccumulative than carboxylates with the same number of fluorinated carbons. PFOA, and
other carboxylates